Development of hypertension over 6 years in a birth cohort of young middle-aged men: the Cardiovascular Risk Factor Study in southern Sweden (CRISS).
Objectives. To explore the development of hypertension (HT) in a cohort of young middle-aged men. Design. Prospective birth-cohort study of men surveyed over 6 years. Setting. Helsingborg County Hospital, Sweden, 1990-97. Subjects. A total of 628 men born in 1953-54, all surveyed at 37, 40 and 43 years of age. Main outcome measures. Systolic blood pressure (SBP), diastolic blood pressure (DBP), S-cholesterol, body mass index (BMI), alcohol consumption, ethnicity. HT was defined as SBP ‡ 140 mmHg and/or DBP ‡ 90 mmHg, or ongoing treatment. Using SBP < 130 mmHg and DBP < 85 mmHg as reference, the odds of conversion to HT in men with high normal blood pressure (BP) (SBP 
Introduction
High blood pressure (BP) is one of the most important risk factors for cardiovascular disease (CVD) [1] , and determinants of high BP are major targets in the primary prevention of hypertension (HT) aiming at reduced morbidity and mortality from CVD [2, 3] .
The Coronary Risk Factor Study in southern Sweden (CRISS) was designed to investigate the development of cardiovascular risk factors in young middle-aged men. We have previously found overweight, alcohol consumption and ethnicity to be significantly associated with increasing BP. The aim of this paper was to explore the development of HT over 3 and 6 years' follow-up in men in the CRISS Study.
Materials and methods

Subjects
Two complete birth year cohorts of men born in 1953-54 and residing in Helsingborg, Sweden, were invited to a survey of CVD risk factors at age 37 starting in 1990. Of the 1460 summoned, 442 men (30%) did not come, 27 (2%) were excluded and 991 (68%) fulfilled the criteria for participation. The exclusion of 27 men at baseline were because of failure to participate or to understand the meaning of the requirements of the study protocol because of languages (n ¼ 4), mental retardation (n ¼ 1), abuse of alcohol and/or other drugs (n ¼ 5). Further exclusions were because of medical disorders requiring immediate treatment; hypercholesterolemia (n ¼ 2) and diabetes mellitus (n ¼ 1), previous coronary event (n ¼ 1), or to chronic disease or medical treatment that would interfere with the study results (n ¼ 13). The recruitment has been described in detail previously [4] . The same birth cohorts were invited for follow-up 3 and 6 years after inclusion. Of the 991 participants included at baseline, 770 (78%) were examined at 40 years of age and 702 (71%) at age 43. The current study comprised those 628 men in the CRISS cohort that participated, and had their systolic blood pressure (SBP) and diastolic blood pressure (DBP) recorded, at all three surveys.
Methods
A physical examination was performed, blood samples were collected and a questionnaire covering socio-economic and behavioural factors that relate to cardiovascular risks was completed at each survey.
All three examinations took place at the hospital in Helsingborg at the same time of year to avoid seasonal variation [5] , and were performed by a nurse specially trained for this project. SBP and DBP were read to the nearest 2 mmHg in a sitting position following at least 5 min rest. Weight was measured on the same calibrated electronic scale at all occasions (participants in pants and no shoes). Height was measured to the nearest centimetre with a calibrated measuring rod, the subject standing without shoes. Body mass index (BMI) was calculated by the formula weight (kg)/height 2 (m).
Blood pressure was categorized into four categories: optimal BP (SBP < 120 mmHg and DBP < 80 mmHg), normal BP (SBP 120-129 mmHg and DBP 80-84 mmHg), high normal BP (SBP 130-139 mmHg and DBP 85-89 mmHg) and HT (SBP ‡ 140 mmHg and/or DBP ‡ 90 mmHg) [6, 7] . When a participant's SBP and DBP matched different categories, the higher category was applied. Subjects with optimal or normal BP at baseline were merged into one category (SBP < 130 mmHg and DBP < 85 mmHg) and were used as reference group. Regardless of BP levels registered, all men with ongoing BP lowering medication were categorized as hypertensive.
S-cholesterol was analysed using enzymatic methods, with reagents from Boehringer-Ingelheim, Germany, and calibrated using internationally recognized standards.
The participants completed the questionnaire on lifestyle variables without supervision by the staff, and information on ethnicity and smoking habits were gathered at all three visits. Subjects who confirmed daily smoking were defined as 'smokers'; those who did not were defined as 'nonsmokers'. Information based on ethnicity was answered by the question 'were you born in Sweden', with yes or no as only option.
Questions on alcohol consumption were included in the questionnaire only at the two last surveys. Alcohol intake was estimated by an adjusted quantity-frequency method, which assessed consumption of beer, wine and distilled spirits during the last 30 days [8] . The total alcohol consumption in grams of alcohol per month was calculated and then transformed into weekly consumption.
Statistical methods
Hypertension was defined as SBP ‡ 140 mmHg and/or DBP ‡ 90 mmHg, or ongoing treatment. Using SBP < 130 mmHg and DBP < 85 mmHg as reference group, the odds of conversion to HT in men with high normal BP (SBP 130-139 mmHg or DBP 85-89 mmHg) was investigated with logistic regression and expressed as odds ratio (OR) with 95% confidence interval (CI). Multivariate logistic regression was used when independent covariates were entered in the model. All models were adjusted for baseline BP categories. For alcohol consumption with a very skewed distribution, one unit was added to all values and the logarithm was used in analyses with alcohol as a continuous variable. All tests were two-sided, and differences were considered statistically significant for P £ 0.05. Table 1 presents descriptive data on CVD risk factors by categories of BP at 37, 40 and 43 years of age. CVD risk factor levels showed a consistent, statistically significant, increase by each higher BP category at all three surveys, except for the prevalence of smoking. At baseline, 167 men had high normal BP, of these 24% (n ¼ 40) converted to HT after 3 years and 46% (n ¼ 77) after 6 years follow-up ( Table 2) . Of the 218 men who were hypertensive at baseline, 60% remained in this category at age 40 and 77% correspondingly at age 43.
Results
At baseline, the diagnosis of HT was based on an elevated SBP alone in 31%, on increased DBP alone in 32% and on elevation of both SBP and DBP in 37% of the cases. Corresponding percentages at age 40 were 37, 22 and 41%; and at age 43, 29, 23 and 48%, respectively. Very few men (n ¼ 1, 3, 11 in the three surveys, respectively) were on BP lowering medication. The distributions of BP categories are shown in Fig. 1 .
Having a high normal BP at baseline was associated with a consistent risk of developing HT both after 3 years, and after 6 years follow-up. When BMI, S-cholesterol and ethnicity were entered successively in the models, the estimated risks remained virtually unchanged (Table 3) .
One (1.0) unit difference in baseline BMI, and weight change at follow-up, were associated with a significantly increased risk of being hypertensive after 3 and 6 years follow-up, respectively. Baseline S-cholesterol at age 37 and alcohol consumption at age 40, were both associated with progression to HT at age 43.
Levels of SBP and DBP at each survey showed a similar pattern in different strata of BMI, S-cholesterol and alcohol consumption. No significant differences were seen among the 628 men that comprised the study base in this paper, as compared with cross-sectional analyses of the 991, 770 and 702 participants at each survey, respectively. Three-year follow-up, age 40
Six-year follow-up, age 43 (5) 122 (4) 130 (5) 140 (8) 115 (5) 123 (3) 133 (5) 143 (9) 113 (5) 122 (4) 131 (5) 144 (11) DBP 72 (5) 78 (5) 83 (5) 89 (6) 72 (5) 78 (5) 82 (5) 90 (8) 72 (5) 79 (4) 82 (5) 91 (7) BMI 23 (3)
(3)
24 (3) 25 (3) 23 (3) 24 (3) 25 (3) 26 (4) 24 (3) 25 (3) 25 (2) 26 (3) S-Cholesterol The risk of development of HT remained at the same levels (OR ¼ 3.05 CI: 1.61; 5.77) in the 47 men who had a high normal BP at baseline and were hypertensive at both age 40 and age 43 as compared to corresponding ORs for the main study group at 3 and 6 years follow-up.
Discussion
This study showed that young middle-aged men with high normal BP, as compared with men with optimal or normal BP, had a substantial risk of developing HT even over a short time period.
Overweight and alcohol consumption were two important determinants. These findings are in accordance with previous studies [9] [10] [11] [12] [13] ; however, our data were based on a birth cohort of young middle-aged Swedish men and thus unconfounded by age and gender. Short-term development of HT in nonhypertensive men and women was recently investigated in the Framingham Heart Study [13] . Over a 4-year study period, the risk of developing HT showed a step-wise increase across optimal, normal and high normal BP, especially in older adults. The results support the recommendation to monitor BP in nonhypertensive individuals regularly [6, 7] . The authors also confirm the importance of weight control, as a means of primary prevention of HT, which is well known from several earlier studies [14] [15] [16] [17] . Another report showed that subjects with high normal BP have an increased risk of CVD, further emphasizing the relevance of recognizing this condition [18] .
The Framingham Study included men and women in the age span of 35-94 years [13] . Subjects in this study were stratified into subjects between 35 and 64 and 65-94 years of age, respectively. There was a stepwise increase in the risk of conversion to HT across all baseline categories of BP in both age groups, a pattern that was strongest in the older subjects, and considerably weaker in the youngest subjects. Findings in the Framingham Study emphasize overweight and weight gain as some of the most important determinants for the development of HT.
In the Framingham Study, participants provided BP recordings several times as independent cases, as long as they were not diagnosed with HT. Even though there were important differences in development of HT in older versus younger participants conclusions were drawn for an age-span of 29 years.
Because of few cases with optimal BP developing HT in the CRISS cohort, optimal and normal BP had to be merged into a joint reference category. Consequently, even though the reference group in the CRISS cohort comprised higher BP categories than in the Framingham Study, men with a high normal BP at age 37 had a more than two-fold increased risk of having HT both at age 40 and at age 43, an association that was not explained by other CVD risk factors. The CRISS Study was planned with the assumption that there are important changes in CVD risk factors in early middle age. The present paper verified that the development of HT is substantial already in these young men. The importance of overweight was confirmed for young middle-age men, as BMI and weight change predicted the development of HT. Alcohol consumption was another significant contributor to this progression. Results from the CRISS Study further support the WHO recommendations of frequent follow-up of subjects with high normal BP, as young individuals at risk might benefit from intervention and from an earlier detection of HT [6, 19] .
Blood pressure levels in northern Europe are higher than those seen in USA or in southern Europe [20] . This is one plausible explanation both to the high rates of HT and to the high conversion rates to HT during follow-up seen in this study. Another explanation might be an overestimation of the frequency of HT because of the fact that BP was measured only once at each survey. The random within-subject variability in BP might lead to overestimation of the two tails in categorized variables. However, when analyses were performed on the men who were hypertensive both at age 40 and age 43, the results were consistent with to that of the complete study population.
The risk of developing HT even over a short period of time is high also in young middle-aged men. Results in this report support the findings and the conclusions in the study from Framingham that BP monitoring should include individuals with moderately elevated BP. Primary prevention strategies in society should also focus on determinants of increasing BP, such as overweight and alcohol consumption, as they exert a strong influence on the progression of HT. 
